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(54) Dispenser-capsule 

(57) A dispenser (10) for delivering a 
beneficiai agent to an environment of 
use comprises a semipermeable wall 
(12) surrounding a compartment 
containing a heat responsive 
composition (16), and an expandable 
composition (17). A passageway (18) in 
the wall connects the compartment 
with the exterior of the dispenser. Fluid 
is imbibed through the wall (12), 
capsule wall (13) is dissolved, 
composition (17) swells and active 
agent is dispersed through the 
passageway (18). 
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SPECIFICATION 

Agent dispenser comprising a multiplicity of mem- 
bers performing as an integrated unitary system 

5 

Field of the invention 

This invention pertains to both a novel and use- 
ful dispenser. More particularly, the invention re- 
lates to a dispenser comprising a semipermeable 

10 wall that surrounds in at least a part (a) an innter 
compartment or (b) an inner disposed capsule 
housing in either (a) or (b) a thermo-responsive 
beneficial agent formulation and an expandable 
driving member. The members comprising the dis- 

15 penser perform in unison for delivery the beneficial 
agent at a controlled rate ot an environment of use 
over time. 

Bac/cground of ttie invention 

20 Dispensers for delivering a beneficial agent to an 
environment of use are known to the dispensing 
art. For example. United States Patent No. 
3,760,984 issued to patentee Theeuwes discloses a 
dispenser consisting of a heat shrinkable container 

25 carrying on its outer surface an osmotic solute and 
a distant layer of a polymer permeable o fluid. The 
dispenser has a plug for filling the container. The 
dispenser is powered by fluid being imbibed into 
the dispenser, wherein it dissolves the solute, 

30 thereby forming a solution that exerts pressure 
against the shrinkable container, causing it to 
shrink and deliver agent from the dispenser. In 
United States Patent No. 3,865,108 pate ntee Har- 
top discloses a dispenser consisting of an inner 

35 collapsible tube containing a medicament disposed 
in a base member formed of a swellable material. 
The dispenser delivers the medicament by the 
base and parts absorbing fluid from the environ- 
ment, thereby expanding and squeezing the col- 

40 lapsible tube causing the medicine to be expelled 
from the tube. In United States Patent No. 
3,971,376 patentee Wichterle discloses a dispenser 
consisting of a capsule having unitary walls 
formed of a cross-linked gel that is swellable in 

45 fluids. A textile fabric is imbedded in the material 
for imparting strength and minimizing problems 
due to poor mechanical properties associated with 
the material that show themselves during fluid up- 
take used to power the dispenser. In United States 

50 Patent No. 3,987,790, patentees Eckenhoff, et al., 
disclose an improvement in an osmotic dispenser 
consisting of a conduit for filling a bag in the dis- 
penser. The dispenser is powered by an osmoti- 
cally effective solute imbibing fluid into the 

55 dispenser, which imbibed fluid generates hydraulic 
pressure that is applied against the bag, causing it 
to squeeze inwardly forcing agent from the dis- 
penser. In United States Patent No. 3,995,631, pa- 
tentees Higuchi, et al, disclose a bag bearing on its 

60 outer surface a layer of an osmotic solute, and a 
distant wall formed of a material having part con- 
trolled permeability to fluid. In operation, a solu- 
tion is formed of the solute, which solution, 
squeezes the bag thereby causing delivery of the 

65 agent from the bag. In United States Patent No. 



4,320,758 patentees Eckenhoff, et al., disclose a 
dispenser consisting of a flexible bag, a sleeve 
made of a dispersion of an osmotlcally effective 
solute in a soluble polymer, and an outer wall 

70 permeable to fluid. The dispenser delivers drug by 
the sleeve imbibing water into the space between 
the outer wall and the bag, thereby exerting hy- 
draulic pressure on the bag, which pressure causes 
the bag to be squeezed and delivers drug from the 

75 bag. United States Patent No. 4,350,271 discloses a 
fluid dispenser that operates by absorbing water 
into a composition that expands against a lipo- 
philic fluid that is dispensed via an outlet. 
While the above dispensers are useful for deliv- 

80 ering numerous agents to the environment of use, 
and while the dispensers represent a commercial 
advancement in the dispensing art, it will be ap- 
preciated by those skilled in the art that there are 
instances where a dispenser made with an inven- 

85 tively novel improvement would also enjoy wide 
commercial use and application in the dispensing 
art. For example, if a dispenser is provided having 
an initial internal capsule arrangement that makes 
the manufacture of the dispenser easier and more 

90 efficient at a reduced cost, and if the dispenser is 
made without a flexible bag and without a fabric 
member, thereby providing an improvement in the 
dispenser by reducing the number of steps and 
parts needed to make the dispenser, such a dis- 

95 penser would have immediate acceptance, and it 
would also represent a major advancement in the 
art. Likewise, if a dispenser is provided that over- 
comes the prior art dispenser limitation of deliver- 
ing agents only in solution or suspension forms, 
100 by the dispenser now deliverying agents that are 
soluble or insoluble in fluid, semi-solid or like 
forms, such a dispenser would enjoy instant appre- 
ciation and also represent a valuable contribution 
in the fields of science, medicine and commerce. 

105 

Objects of tfie invention 

Accordingly, it is an immediate object of this in- 
vention to provide a dispenser for delivering bene- 
ficial agents in all useful forms to environments of 

110 use, with a novel dispenser that represents an im- 
provement in the dispenser art. 

Another object of the invention is to provide a 
dispenser that is self-contained, self-starting, and 
self-powered in fluid environments, is easy to 

115 manufacture, and can be used for dispensing ben- 
eficial agents to animals, including humans, and to 
other biological and non-biological environments 
of use. 

Another object of the invention is to provide a 
120 dispenser that can house a thermo-responsive, hy- 
drophobic composition comprising insoluble to 
soluble drugs, and which thermo-responsive com- 
position in response to the temperature of a bio- 
logical environment changes its form and becomes 
125 fluid, semi-solid, or the like for enhanced delivery 
from the dispenser. 

Yet another object of the invention is to provide 
a dispenser having an initial, internal capsule ar- 
rangement that makes it easier to manufacture the 
130 dispenser at a lesser cost, thereby increasing the 
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practicality of the dispenser. 

Yet another object of the invention is to provide 
a dispenser comprising a lumen containing a tem- 
perature-sensitive composition, an expandable 
5 member in parallel arrangement with the tempera- 
ture-sensitive composition, an inner capsule con- 
taining the composition and the member in the 
lumen of the capsule, an outer semipermeable wall 
surrounding in at least a part, the capsule, and a 

10 dispensing passageway, and which dispenser de- 
livers the composition by the combined physical- 
chemical operations of the composition melting 
and becoming fluid to semisolid or the like, with 
the composition maintaining an immiscible bound- 

15 ary at the expanding member interface, and the 
expanding member swelling into the space occu- 
pied by the composition to displace an equivalent 
amount of composition from the dispenser. 
Yet another object of the invention is to provide 

20 a dispenser that is empty until filled with a solid 
composition that liquifies at elevated temperatures, 
and when filled can administer the composition 
that liquifies as a complete pharmaceutical dosage 
regimen for a period of time, the use of which re- 

25 quires intervention only for the initiation and the 
termination of the regimen. 

Yet another object of the invention is to provide 
a dispenser that can deliver beneficial drugs con- 
tained in a thermo-responsive, lipophilic pharma- 

30 ceutically acceptable carrier that melts in the 
presence of thermal energy absorbed from a bio- 
logical environment of use into the dispensable 
composition that is innocuous, thereby substan- 
tially avoiding mammalian tissue irritation and in- 

35 teraction with mammalian protein tissue. 

Still another object of the invention is to provide 
an osmotic dispenser containing a eutectic compo- 
sition formed of at least two components and at 
least one drug, which eutectic composition has a 

40 melting point approximately the same as the tem- 
perature of a warm blooded animal, and is dis- 
pensed from the dispenser to the animal at said 
temperature. 
Yet another object of the invention is to provide 

45 a dispenser comprising an inner placed capsule 
housing a thermo-responsive hydrophilic composi- 
tion comprising insoluble to soluble drugs, and 
which thermo-responsive composition in response 
to energy input present in a biological environment 

50 of use, changes its form and becomes dispensable 
for operative delivery from the dispenser. 

Yet another object of the invention is to provide 
a dispenser comprising an inner capsule contain- 
ing a thermoplastic composition and an expanda- 

55 bie component, and which composition includes a 
beneficial agent that is chemically unstable in an 
aqueous environment and can be housed in the 
dispenser in a nonaqueous dispensing carrier, 
which agent is shielded in the nonaqueous carrier 

60 during delivery from the dispenser. 

Yet another object of the invention is to provide 
a dispenser comprising a semipermeable wall sur- 
rounding in at least a part a compartment contain- 
ing a thermo-responsive composition containing 

65 an active agent, and means for urging the compo- 



sition through a passageway that connects the 
compartment with the exterior of the dispenser. 

Other objects, features and advantages of the in- 
vention will be more apparent to those skilled in 
70 the dispensing art from the following detailed de- 
scription of the specification, taken in conjunction 
with the drawings and the accompanying claims. 

Brief description of the drawings 
75 In the drawings, which are not drawn to scale, 
but are set forth to illustrate various embodiments 
of the invention, the drawing figures are as fol- 
lows: 

Figure / is a view of a dispenser designed with a 
80 one-piece configuration and manufactured for or- 
ally administering a beneficial drug to a warm- 
blooded animal; 

Figure 2 is an opened view of the dispenser of 
Figure 1 through the vertical length of the dis- 
85 penser, for illustrating the internal compartment 
containing a thermodynamic thermo-responsive 
member and the expandable member forming the 
dispenser and manufactured as an integral system; 
Figure 3 is an opened view of the dispenser of 
90 Figure 1 and Figure 2 with Figure 3 depicting the 
dispenser comprising a semipermeable wall sur- 
rounding a compartment charged with the temper- 
ature sensitive composition and a driving member 
in operation and dispensing a beneficial agent; 
95 Figure 4 is a view of a dispenser comprising two 
telescoping parts and manufactured for delivering 
a beneficial agent over time; 

Figure 5 is an opened-sectioned view of Figure 4 
comprising the body portion of the dispenser free 
100 of the telescopically engaging cap portion of the 
dispenser; 

Figure 6 is an opened-section view of Figure 4 
depicting the body portion telescopically capped 
by an engaging cap portion, with the lumen of the 
105 dispenser charged with a temperature-sensitive 
agent containing composition and an expandable, 
driving member; 

Figure 7 is an opened-sectioned view of the dis- 
penser of Figure 4 and Figure 6 illustrating in Fig- 
110 ure 7 the dispenser comprising a semipermeable 
wall surrounding a compartment and in operation 
delivering a beneficial agent over time; 

Figure 8 is an opened view of the body portion 
of a capsule comprising an expandable, swellable 
115 plug in the mouth of the capsule; 

Figure 9 is an opened view as seen in Figure 8 of 
. the body portion of a capsule comprising an ex- 
pandable, swellable plug in parallel arrangement 
with a thermo-sensitive agent containing composl- 
120 tion; and. 

Figure 10 is a graph depicting the release pattern 
of a drug formulation from a dispenser over a pro- 
longed period of time. 
In the drawings and the specification, like parts 
125 in related figures are identified by like parts. The 
terms appearing eariier in the specification and in 
the description of the drawings, as well as embodi- 
ments thereof, are further detailed elsewhere in the 
disclosure. 
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Detailed description of the drawings 

Turning now to the drawing figures in detail, 
which are examples of new and useful dispensers 
for dispensing a beneficial agent, and which exam- 
5 pies are not to be construed as limiting, one exam- 
ple of a dispenser is depicted in Figure 1 identified 
by the numeral 10. In Figure 1 dispenser 10 com- 
prises a body 11 formed of a wall 12 that sur- 
rounds and defines an internal lumen or space, not 
10 seen in Figure 1, and a passageway 18 indicated 
by dashes. 

Figure 2 is an opened view of dispenser 10 of 
Figure 1. Dispenser 10 of Figure 2 comprises body 
11 and wall 12. Wall 12 is formed of a semiperme- 

15 able polymeric wall forming composition that is 
substantially permeable to the passage of external 
fluid, and it is substantially impermeable to the 
passage of beneficial agent and other ingredients 
contained in dispenser 10. Wall 12 is non-toxic and 

20 it maintains its physical and chemical integrity, that 
is it doesn't erode during the dispensing period. 
Dispenser 10 is made in its final manufacture com- 
prising a single unit capsule 13. That is capsule 13 
cannot be easily separated into parts. Capsule 13 

25 and subsequent use of the term capsule implies 
either hard or soft in structure as embodied herein. 
Further, in Figure 2, capsule 13 surrounds an inter- 
nal lumen or space 14. Lumen 14 contains a bene- 
ficial agent 15, identified by dots, a thermo- 

30 responsive heat sensitive composition 16, identi- 
fied by wavy lines, and a driving member 17 that is 
in layered contact with the surface of composition 
16. Driving member 17 in a preferred embodiment 
is an expandable member 17 has a shape that cor- 

35 responds to the internal shape of capsule wail 13 
and compartment 14. Expandable member 17 in a 
layer-form is made from hydrogel composition, 
that is noncross-linked or optionally cross-linked, 
and it possesses osmotic properties, such as the 

40 ability to imbibe an exterior fluid through semi- 
permeable wall 12 and exhibit an osmotic pressure 
gradient across semipermeable wall 12 against a 
fluid outside dispenser 10. In another embodiment 
driving member 17 can be a solid osmotically ef- 

45 fective solute that imbibes fluid through semi- 
permeable wall 12. Dispenser 10 is made with a 
passageway 18 in semipermeable wall 12 and 
through capsule 13. Passageway 18 communicates 
with compartment 14 and the exterior of dispenser 

50 10 for delivering beneficial agent 15 from dis- 
penser 10. 

In Figure 2, thermo-responsive, heat-sensitive 
composition 16, is a delivery means and a trans- 
porting carrier for beneficial agent 15. The benefi- 

55 cial agent 15 is housed in compartment 14 that can 
be delivered by dispenser 10, includes agents that 
are from insoluble to very soluble in both aqueous 
fluids and in lipophilic medium. 
The thermo-responsive composition 16, contain- 

60 ing agent 15 homogeneously or heterogeneously 
dispersed or dissolved therein, is formed in a pres- 
ently preferred embodiment of an anhydrous, heat 
sensitive, hydrophilic or hydrophobic material that 
exhibits solid-like properties at room temperature 

65 of 21°C, and within a few centrigrade degrees 



thereof, and exhibits a melting point that approxi- 
mates mammalian body temperatures of 37°C, and 
with a few centrigrade degrees thereof. The pres- 
ent invention uses the phrases melting point, soft- 

70 ening point", or liquifies to indicate the 

temperature at which the thermo-responsive com- 
position melts, undergoes dissolution, or dissolves 
to form a dispensable carrier so it can be used for 
dispensing agent 15 from dispenser 10. 

75 Figure 3 depicts dispenser 10 of Figures 1 and 2 
in operation delivering beneficial agent 15 to a 
fluid environment of use. In operation, when in the 
environment of use having a temperature of 37''C 
within a few degrees, dispenser 10 delivers agent 

80 15 by a combination of thermodynamic and kinetic 
activities. This is, in operation heat-sensitive com- 
position 16 melts and forms a fluidic, a semi-solid, 
or a like deliverable phase, for delivering agent 15 
through passageway 18. As composition 16 melts, 
85 fluid is imbibed through semipermeable wall 12 by 
hydrophilic member 17 in a tendency towards os- 
motic equilibrium, to continuously swell, or expand 
or to fill, and increase the volume of member 17 
and simultaneously member 17 expands in com- 

90 partment 14 while substantially maintaining an in- 
tact immiscible boundary at the interface. As 
external fluid is imbibed through semipermeable 
wall 12 into dispenser 10, capsule wall 13 formed 
of a fluid dissolvable material slowly dissolves and 
95 lubricates the inside of the dispenser which assists 
in the undisturbed expansion of member 17 and 
the resultant continuous release of composition 16. 
Concomitantly, as volume increasing member 17 
increases its volume, it applies pressure against 

100 composition 16 urging composition to decrease its 
volume. The simultaneous occurrences of the ex- 
pansion of member 17, the contraction of compart- 
ment 14, and the melting of composition 16 causes 
composition 16 containing agent 15 to be delivered 

105 through passageway 18 to the exterior of dis- 
penser 10. Figures 2 and 3 considered together il- 
lustrate dispenser 10 in operation delivering agent 
15. Figure 2 depicts dispenser 10 at the beginning 
of an agent delivery period, and Figure 3 depicts 

110 dispenser 10 nearing the end of an agent delivery 
period. The melting of composition 16, the immis- 
cibility of composition 16 with member 17 and the 
swelling, filling, and expansion of means 17, with 
its accompanying increase in volume as seen in 

115 Figure 3, along with the simultaneous correspond- 
ing reduction in volume of compartment 14 as 
seen in Figure 3, assures the delivery of agent 15 
at a controlled rate and continuously over time. 
Figure 4 illustrates a dispenser 20 comprising 

120 two parts, a body member 21 and a cap member 
22 manufactured into a unit dispenser. Dispenser 
20 is made conveniently in two parts with one part 
22 slipping over and capping the other part 21. 
Parts 21 and 22 completely surround and capsulate 

125 an internal lumen, not seen in Figure 4. Dispenser 
20 also includes a passageway 30 indicated by 
dashes. 

Figure 5 is an opened view of the uncapped dis- 
penser of Figure 4. In Figure 5, dispenser 20 com- 
130 prises a body member 21 consisting essentially a 
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semfpermeable wall 23 that surrounds in at least a 
part and intimately contacts internal body capsule 
21, except at mouth 25 of capsule 21. The capsule 
used for forming the dispenser comprises two 
5 parts, ingredient receiving capsule body member 
21 and a cap member 22 as seen in Figure 6. Cap- 
sule member 21 surrounds space 26 containing a 
beneficial agent 27, identified by dots, a thermo-re- 
sponsive heat sensitive composition 28, identified 

10 by wavy lines, and an expandable, sweJIable pis- 
ton-like driving member 29 that is In parallel ar- 
rangement with the interfaced contacting surface 
of composition 29. The material comprising the 
parts of Figure 5 are formed of materials discussed 

15 for Figures 1-3, and they are further discussed later 
in the specification. 

Figure 6 is an opened view of Figures 4 and 5. 
Figure 6 depicts dispenser 20 capped with 22. In 
Figure 6, cap 22 is fitted over capsule body 21 after 

20 the larger body 21 is filled with all the preselected 
appropriate drugs, heat-sensitive compositions and 
drivng members. In Figure 6, after cap 22 is fitted 
over body 21, a semipermeable wall 23 is applied 
over the exterior surface a body member 21 and 

25 cap 22. In another manufacture, capsule body 21 is 
filled with the respective ingredients and a semi- 
permeable wall applied except for the mouth, and 
then it is capped with cap 22. Then cap 22 tele- 
scoped over body 21 is coated with a semfpermea- 

30 ble wail 23. A passageway 30, in either 

manufacture is drilled through the semipermeable 
wall 23 and capsule wall 22 for dispensing agent 
27 from dispenser 20. Figure 7 depicts device 20 In 
operation. In Figure 7, the dispenser is depicted 

35 comprising only semipermeable wall 23 nearing 
the end of the delivery period. Dispenser 20 oper- 
ates in the manner described above for dispenser 
10. 

Figure 8 depicts another embodiment provided 

40 for enhancing the manufacture and the usefulness 
of the dispenser. In Figure 8, there is illustrated a 
body such as the body portion 31 in a preferred 
embodiment, a capsule, having an expandable 
plug 32 inserted into mouth 33 of the body portion 

45 31. The body member can be made of a semi- 
permeable material or of a hydrophilic material. A 
passageway 34 is drilled through wall 35 of body 
portion 31 distant from expandable plug 32 for in- 
serting a filling instrument into body portion 31 for 

50 filling space 36. Figure 9 depicts space 36 filled 
with a therm o-sensitive composition 37 containing 
beneficial agent 38. After the space is filled, the 
body or the capsule is coated and surrounded with 
a semipermeable wall 39. The semipermeable wall 

55 provides in either embodiment a means for imbib- 
ing fluid into expandable member 32 and it closes 
mouth 33, thereby assuring that expansion of plug 
32 will be unidirected in space 36 towards pas- 
sageway 34. In this manufacture a passageway 34 

60 is drilled through the semipermeable wall in linear 
arrangement with the passageway in the capsule 
wall for delivering agent 38 from the capsule. In 
another manufacture a semipermeable wall 39 Is 
coated around an empty capsule member having a 

65 plug in its mouth, a passageway Is drilled through 



the semipermeable wall and the capsule wall, and 
then the capsule space is filled with a thermo-sen- 
sitive composition containing beneficial agent. 
While Figures 1 through 9 illustrate various dis- 

70 pensers that can be made according to the inven- 
tion, it is to be understood those dispensers are 
not to be construed as limiting the invention, as 
the dispenser can take a wide variety of shapes, 
sizes and forms for delivering beneficial agents to 

75 the environment of use. For example, the dis- 
penser can be made for oral use and the dispenser 
can be adapted for use as a buccal, implant, artifi- 
cial gland, cervical, intrauterine, ear, nose, dermal, 
vaginal, ano-rectal, ruminal, such as the reticulum 

80 of cattle, and subcutaneous dispenser. The dis- 
penser also can be shaped, sized and structured 
and adapted for delivering an active agent in 
streams, aquariums, fields, factories, reservoirs, 
laboratory facilities, hot houses, transportation 

85 means, hospitals, naval and military means, veteri- 
nary clinics, nursing homes, farms, zoos, sick- 
rooms, chemical reactors, and other environments 
of use. 

90 Detailed description of tiie invention 

In accordance with the practice of this invention, 
it has now been surprisingly found that dispenser 
10 and dispenser 20 can be made with a capsule 
that possess two distinct forms, classified for the 
95 purpose of this invention, as osmotic hard capsule 
and osmotic soft capsule. The osmotic hard cap- 
sule is composed of two parts, a cap and a body, 
which are fitted together after the larger body is 
filled with a preselected appropriate agent formula- 

100 tion. This is done by slipping or telescoping the 
cap section over the body section, thus completely 
surrounding and encapsulating the useful agent 
formulations. Hard capsules are made by dipping 
molds into a bath containing a solution of a cap- 

105 sule lamina-forming material to coat the mold with 
the material. Then, the molds are withdrawn, 
cooled, and dried in a current of air. The capsule is 
stripped from the mold and trimmed to yield a 
lamina member with an internal lumen. The en- 

110 gaging cap that telescopically caps the agent for- 
mulation receiving body Is made In a similar 
manner. Then, the closed and filled osmotic cap- 
sule is capsuled with a semipermeable wall or lam- 
ina. The semipermeable wall can be applied to 

115 capsule parts either before or after the parts are 
joined into the final capsule. In another embodi- 
ment, the hard capsules can be made with each 
part having, matched locking rings near their 
opened end that permit joining and locking to- 

120 gether the overiapping cap and body after filling 
with agent formulation. In this embodiment, a pair 
of matched locking rings are formed into the cap 
portion and the body portion, and these rings pro- 
vide the locking means for securely holding to- 

125 gether the capsule. The capsule can be manually 
filled with the agent formulation, or It can be ma- 
chine filled with the agent formulation. In the final 
manufacture the hard capsule is capsuled with a 
semipermeable lamina permeable to the passage 

130 of fluid and substantially impermeable to the pas- 
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sage of useful agent as described hereafter. 

The osmotic soft capsule as used by the present 
invention, preferrably in its final form, comprises 
one piece. Generally, the osmotic soft capsule is of 
5 sealed construction encapsulating the useful agent 
formulation therein. The soft capsule is made by 
various processes including the plate process, the 
rotary die process, the reciprocating die process, 
and the continuous process. The plate process 

10 uses a set of molds. A warm sheet of a prepared 
capsule lamina-forming material is laid over the 
lower mold and the agent formulation poured on 
it. A second sheet of the lamina-forming materia! is 
placed over the agent formulation followed by the 

15 top mold. The mold set is placed under a press 
and a pressure applied, with or without heat to 
form a unit, soft capsule. The capsules are washed 
with a solvent for removing excess agent formula- 
tion from the exterior of the capsule, and the alr- 

20 dried capsule is capsulated with a lamina of a 
semi- 
permeable material. 

The rotary die process uses two continuous films 
of capsule lamina-forming material that are 

25 brought into convergence between a pair of re- 
volving dies and an injector wedge. The process 
fills and seals the capsule in dual and coincident 
operations. In this process, the sheets of capsule 
lamina-forming material are fed over guide rolls, 

30 and then down between the wedge injector and 
the die rolls. The agent formulation to be capsuled 
flows by gravity into a positive displacement 
pump. The pump meters the agent formulation 
through the wedge injector and into the sheets be- 

35 tween the die rolls. The bottom of the wedge con- 
tains small orifices lined up with the die pockets of 
the die rolls. The capsule is about half-sealed when 
the pressure of pumped agent formulation forces 
the sheets into the die pockets, wherein the soft 

40 capsules are simultaneously filled, shaped, hermet- 
ically seated and cut from the sheets of lamina- 
forming materials. The sealing of the soft capsule 
is achieved by mechanical pressure on the die rolls 
and by heating of the sheets of lamina-forming 

45 materials by the wedge. After manufacture, the 
agent formulation-filled capsules are dried in the 
presence of forced air, and a semipermeable lam- 
ina capsuled thereto, by processes described here- 
after. 

50 The reciprocating die process produces soft cap- 
sules by leading two films of capsule lamina-form- 
ing material between a set of vertical dies. The 
dies as they close, open and close, perform as a 
continuous vertical plate forming row after row of 

55 pockets across the film. The pockets are filled with 
agent formulation, and as the pockets move 
through the dies, they are sealed, shaped and cut 
from the moving film as capsules filled with agent 
formulation. A semipermeable lamina is coated 

60 thereon to yield the osmotic, soft capsule dis- 
penser. The continuous process is a manufacturing 
system that also uses rotary dies with the added 
feature that the process can successfully fill active 
agent in dry powder form into a soft capsule, in 

65 addition to encapsulating liquids. The filled, soft 



capsule of the continuous process is encapsulated 
with a semipermeable polymeric material to yield 
the osmotic soft capsule. 
The dispenser of this invention can be provided 

70 with a wall comprising a semipermeable material 
that does not adversely affect a host or animal, is 
permeable to the passage of an external aqueous 
type fluid, such as water and biological fluids, 
while remaining essentially impermeable to the 

75 passage of agents, including drugs, and maintains 
its integrity in the presence of a thermotropic 
thermo-responsive composition, that is it does not 
melt or erode in said presence. The selectively 
semipermeable materials forming the outer wall 
80 are substantialy Insoluble in fluids, they are non- 
toxic, and they are non-erodible. 

Representative materials for forming the semi- 
permeable wall include semipermeable homopoly- 
mers, semipermeable copolymers, and the like- In 
85 one embodiment typical materials include cellulose 
esters, cellulose monoesters, cellulose diesters, 
cellulose triesters, cellulose ethers, cellulose ester- 
ethers and mixtures thereof. These cellulosic poly- 
mers have a degree of substitution, D.S., on their 
90 anhydroglucose unit from greater than 0 up to 3 
inclusive. By degree of substitution is meant the 
average number of hydroxyl groups originally 
present on the anhydroglucose unit that are re- 
placed by a substituting group, or converted into 
95 another group. The anhydroglucose unit can be 
partially or completely substituted with groups 
such as acyl, alkanoyi, aroyi, alkyi, alkenyl, alkoxy, 
halogen, carboalkyl, alkyi carbamate, alkylcarbon- 
ate, alkylsulfonate, alkylsulfamate, and like semi- 

100 permeable polymer forming groups. 

The semipermeable materials typically include a 
member selected from the group consisting of cel- 
lulose acylate, cellulose diacylate, cellulose triacy- 
late, cellulose acetate, cellulose diacetate, cellulose 

105 triacetate, mono-, di- and tri-cellulose alkanylates, 
mono-, di- and tri-alkenylates, mono-, di and tri- 
aroylates, and the like. Exemplary polymers Includ- 
ing cellulose acetate having a D.S. of 1.8 to 2.3 and 
an acetyl content of 32 to 39.9%; cellulose diace- 

110 tate having a D.S. of 1 to 2 and an acetyl content 
of 21 to 35%; cellulose triacetate having a D.S of 2 
to 3 and an acetyl content of 34 to 44.8%, and the 
like. More specific cellulosic polymers include cel- 
lulose propionate having a D.S. of 1.8 and a pro- 

115 pionyl content of 38.5%; cellulose acetate 

propionate having an acetyl content of 1.5 to 7% 
and an acetyl content of 39 to 42%; cellulose ace- 
tate propionate having an acetyl content of 2.5 to 
3%, an average priopionyl content of 39.2 to 45% 

120 and a hydroxyl content of 2.8 to 5.4%; cellulose 
acetate butyrate having a D.S. of 1.8, an acetyl 
content of 13 to 15%, and a butyryl content of 34 
to 39%; cellulose acetate butyrate having an acetyl 
content of 2 to 29.5%, a butyryl content of 17 to 

125 53%, and a hydroxyl content of 0.5 to 4.7%; cellu- 
lose triacylates having a D.S. of 2.9 to 3 such as 
cellulose trivalerate, cellulose trllaurate, cellulose 
tripalmitate, cellulose trioctanoate, and cellulose 
tripropionate; cellulose diesters having a D.S. of 

130 2.2 to 2.6 such as cellulose disuccinate, cellulose 
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dipalmitate, cellulose dioctanoate, cellulose dicar- 
pylate and the like; mixed cellulose esters such as 
cellulose acetate valerate, cellulose acetate succi- 
nate, cellulose propionate succinate, cellulose ace- 
5 tate octanoate, cellulose valerate palmitate, 
cellulose acetate heptonate, and the like. Semi- 
permeable polymers are known in United States 
Patent No. 4,077,407, and they can be made by 
procedures described in Encyclopedia of Polymer 
10 Science and Technology r Vol. 3, pages 325 to 354, 
1964, published by Interscience Publishers, Inc., 
New York. 

Additional semipermeable polymers include ace- 
taldehyde dimethyl cellulose acetate; cellulose ace- 

15 tate ethylcarbamate; cellulose acetate 

methyl carbamate; cellulose dimethylaminoacetate; 
semi-permeable polyamides; semipermeable po- 
lyurethanes; semi-permeable polysulfanes; semi- 
permeable sulfonated polystyrenes, cross-linked, 

20 selectively semipermeable polymers formed by the 
coprecipitation of a polyanion and a polycation as 
disclosed in United States Patents Nos. 3,173,876; 
3,276,586; 3,541,005; 3,541,006, and 3,546,142; se- 
lectively semipermeable silicon rubbers; semi- 

25 permeable polymers as disclosed by Loeb and 
Sourirajan in United States Patent No. 3,133,132; 
semipermeable polystyrene derivates; semiperme- 
able poly(sod{um styrenesulfonate); semipermea- 
ble polyivinylbenzyltrimethyl) ammonium chloride; 

30 semipermeable polymer exhibiting a fluid permea- 
bility of 10-^ to 10-7 (cc.mil/cm2 hr.atm) expressed 
as per atmosphere of hydrostatic or osmotic pres- 
sure difference across a semipermeable wall. The 
polymers are known to the art in United States 

35 Patents Nos. 3,845,770; 3,916,899, and 4,160,020, 
and In Handbook of Common Polymers, by Scott, 
J. R. and Roff, W. J., 1971, published by CRC Press, 
Cleveland, Ohio. 
The materials used for forming the swellable, ex- 

40 pandable inner member or layer and the plug, are 
polymeric materials neat, and polymeric materials 
blended with osmotic agents that interact with 
water or a biological fluid, absorb the fluid and 
swefl or expand to an equilibrium state. The poly- 

45 mer exhibits the ability to retain a significant frac- 
tion of imbibed fluid in the polymer molecular 
structure. The polymers in a preferred embodiment 
are gel polymers that can swell or expand to a 
very high degree, usually exhibiting a 2 to 50 fold 

50 volume increase. The swellable, hydrophilic poly- 
mers, also known a osmopolymers can be non- 
cross-linked or lightly cross-linked. The cross-links 
can be covalent or ionic bonds with the polymer 
possessing the ability to swell in the presence of 

55 fluid, and when cross-linked it will not dissolve in 
the fluid. The polymer can be of plant, animal or 
synthetic origin. Polymeric materials useful for the 
present purpose include poly(hydroxyalkyl methac- 
rylate) having a molecular weight of from 5,000 to 

60 5,000,000; poly(vinylpyrrolidone) having a molecu- 
lar weight of from 10,000 to 360,000; anionic and 
cationic hydrogels; poly(electrolyte) complexes; 
poly(vinyl alcohol) having a low acetate residual; a 
swellable mixture of agar and carboxymethyl cellu- 

65 lose; a swellable composition comprising methyl 



cellulose mixed with a sparingly cross-linked agar; 
a water-swellable copolymer produced by a disper- 
sion of finely divided copolymer of maleic anhy- 
dride with styrene, ethylene, propylene, or 

70 isobutylene; water swellable polymer of N-vinyl 
lactams; and the like. 

Other gelable, fluid imbibing and retaining poly- 
mers useful for forming the hydrophilic, expanda- 
ble push member include pectin having a 

75 molecular weight ranging from 30,000 to 300,000; 
polysaccharides such as agar, acacia, karaya, tra- 
gacanth, algins and guar; Carbopol- acidic carboxy 
polymer and its salt derivatives; polyacrylamides; 
water-swellable indene maleic anhydride poly- 

80 mers; Good-rite^* polyacrylic acid having a molecu- 
lar weight of 80,000 to 200,000; Polyox^ 
polyethylene oxide polymers having a molecular 
weight of 100,000 to 5,000,000, and greater; starch 
graft copolymers; polyanions and polycations ex- 

85 change polymers; starch-polyacrylonitrile copoly- 
mers. Aqua-Keep^' acrylate polymers with water 
absorbability of about 400 times its original 
weight; diesters of polyglucan; a mixture of cross- 
linked polyvinyl alcohol and poly(N-vinylpyrroli- 

90 done); zein available as prolamine; poly{ethylene 
glycol) having a molecular weight of 4,000 to 
100,000; and the like. In a preferred embodiment, 
the expandable wall is formed from polymers and 
polymeric compositions that are thermoformabie. 
95 Representative polymers possessing hydrophilic 
properties are known in United States Patents Nos. 
3,865,108; 4,002,173; 4,207,893; 4,327,725, and in 
Handbook of Common Polymers; by Scott and 
Roff, published by Cleveland Rubber Company, 

100 Cleveland, Ohio, 

The osmotically effective compound that can be 
used neat or it can be blended homogeneously or 
heterogeneousiy with the swellable polymer, to 
form a push member, are the osmotically effective 

105 solutes that are soluble in fluid imbibed into the 
swellable polymer, and exhibit an osmotic pres- 
sure gradient across the semipermeable wall 
against an exterior fluid. Osmotically effective 
compounds are known also as osmagents. Osmoti- 

110 cally effective osmagents useful for the present 
purpose include solid compounds selected from 
the group consisting of magnesium sulfate, mag- 
nesium chloride, sodium chloride, lithium chloride, 
potassium sulfate, sodium sulfate, mannitol, urea, 

115 sorbitol, inositol, sucrose, glucose and the like. The 
osmotic pressure in atmospheres, ATM, of the os- 
magents suitable for the invention will be greater 
than zero ATM, generally from zero ATM up to 500 
ATM, or higher. 

120 The swellable, expandable polymer, in addition 
to providing a driving source for delivering a bene- 
ficial agent from the dispenser, further serves to 
function as a supporting matrix for an osmotically 
effective solute. The osmotic solute can be homo- 

125 geneously or heterogeneousiy blended with the 
polymer to yield the desired expandable wall or 
expandable pocket. The composition in a presently 
preferred embodiment comprises (a) at least one 
polymer and at least one osmotic solute, or (b) at 

130 least one solid osmotic solute. Generally, a compo- 



7 



GB 2 155 889 A 



7 



sition will comprise about 20% to 90% by weight of 
polymer and 80% to 10% by weigint of osmotic sol- 
ute, with a presently preferred composition com- 
prising 35% to 75% by weight of polymer and 65% 

5 to 25% by weight os osmotic solute. 

The term thermo-responsive as used for the pur- 
pose of this invention includes thermoplastic com- 
positions capable of softening, or becoming 
dispensable In response to heat and hardening 

10 again when cooled. The term also includes ther- 
motroplc compositions capable of undergoing 
change in response to the application of energy in 
a gradient manner. These are temperature sensi- 
tive in their response to the application or with- 

15 drawl of energy. The term thermo-responsive as 
used for the purpose of this invention In a pre- 
ferred embodiment denotes the physical- chemical 
property of a composition agent carrier to exhibit 
solid, or solid-like properties at temperatures up to 

20 33°C, and become fluid, semisolid, or viscous when 
disturbed by heat at temperatures from 32°C, usu- 
ally in the range of 32 to 40''C. The thermo-respon- 
sive carrier is heat-sensitive and it has the property 
of melting, dissolving, undergoing dissolution, 

25 softening, or liquifying and thereby forming a dis- 
pensible composition at the elevated temperatures, 
thereby making it possible for the dispenser to de- 
liver the thermo-responsive carrier with the benefi- 
cial agent homogeneously or heterogeneously 

30 blended therein. The thermo-responsive carrier can 
be lipophilic, hydrophilic or hydrophobic. Another 
important property of the carrier is its ability to 
maintain the stability of the agent contained 
therein during storage and during delivery of the 

35 agent. Representative thermo-responsive composi- 
tions and their melting points are as follows: 
Cocoa butter 32-34X; cocoa butter plus 2% bees- 
wax 35-37X; propylene glycol monostearate and 
distearate 32-35°C; hydrogenated oils such as hy- 

40 drogenated vegetable oil 36-37.5°C; 80% hydrogen- 
ated vegetable oil and 20% sorbitan 
monopalmitate 39-39.5%; 80% hydrogenated vege- 
table oil and 20% polysorbate 60, 36-37*^0; 77.5% 
hydrogenated vegetable oil, 20% sorbitan trioleate 

45 and 2.5% beeswax 35-36°C; 72.5% hydrogenated 
vegetable oil, 20% sorbitan trioleate, 2.5% beeswax 
and 5.0% distilled water, 37-38°C; mono-, di-, and 
triglycerides of acids having from 8-22 carbon at- 
oms including saturated and unsaturated acids 

50 such as palmitic, stearic, oleic, lineolic, linolenlc 
and archidonic; triglycerides of saturated fatty 
acids with mono- and diglycerides 34-35.5°C; pro- 
pylene glycol mono- and distearates 33-34°C; par- 
tially hydrongeated cottonseed oil 35-39°C; a block 

55 polymer of polyoxyl-alkylene and propylene glycol; 
block polymers comprising 1,2-gutylene oxide to 
which is added ethylene oxide; block copolymers 
of propylene oxide and ethylene oxide; hardened 
fatty alcohols and fats 33-36°C; hexadienol and hy- 

60 drous lanolin triethanolamine glyceryl monostear- 
ate 38°C; eutectic mixtures of mono-, di-, and 
triglycerides 35-39°C; WItepsol® ®15, triglyceride of 
saturated vegetable fatty acid with monoglycerides 
33.5-35.5°C; Witepsol® H32 free of hydroxy) groups 

65 31-33°C; Witepsol;; W25 having a saponification 



value of 225-240 and a melting point of 33.5- 
35.5°C; Witepsol® E75 having a saponification 
value of 220-230 and a melting point of 37-39X; a 
polyalkylene glycol such as polyethylene glycol 

70 1000, a linear polymer of ethylene oxide, 38-41°C; 
polyethylene glycol 1500, melting at 38-4rC; poly- 
ethylene glycol monostearate 39-42.5°C; 33% poly- 
ethylene glycol 1500, 47% polyethylene glycol 6000 
and 20% distilled water 39-4rC; 30% polyethylene 

75 glycol 1500, 40% polyethylene glycol 4000 and 30% 
polyethlene glycol 400, 33-38X; mixture of mono-, 
di-, and triglycerides of saturated fatty acids having 
11 to 17 carbon atoms, 33-35°C, and the like. The 
thermo-responsive composition Is a means for 

80 storing a beneficial agent in a solid composition at 
a temperature of 20-33°C, maintaining an immisci- 
ble boundary at the swelling composition interface, 
and for dispensing the agent In a flowable compo- 
sition at a temperature greater than 33X, and pref- 

85 erably in the range of 33-40°C. The thermo- 
responsive composition on being dispensed into a 
biological environment are easily excreted, metab- 
olized, assimilated, or the like, for effective use of 
the beneficial agent. 

90 The materials used for forming the capsule are 
the commercially available materials Including gel- 
atin, gelatin having a viscosity of 15 to 30 mllli- 
poises and a bloom strength up to 150 grams; 
gelatin having a bloom value of 160 to 250; a com- 
95 position comprising gelatin, glycerine water and ti- 
tanium dioxide; a composition comprising gelatin, 
erythrosin. Iron oxide and titanium dioxide; a com- 
position comprising gelatin, glycerine, sorbitol, po- 
tassium sorbate and titanium dioxide; a 

100 composition comprising gelatin, acacia, glycerin 
and water; and the like. 

The term beneficial agent as used herein means 
any composition, formulation, mixture, or com- 
pound that can be dispensed to produce a prede- 

105 termined beneficial and useful result. The 

beneficial agents include algicides, antioxidants, air 
purifiers, biocides, catalysts, chemical reactants, 
cosmetics, drugs, disinfectants, fungicides, foods, 
fertility inhibitors, fertility promoters, food supple- 

110 ments, fermentation agents, germicides, insecti- 
cides, microorganism attenuators, nutrients, plant 
growth promoters, plant growth inhibitors, pre- 
servatives, surfactants, sterilization agents, sex 
sterilants, vitamins, and other compositions that 

115 benefit the environment, surrounds, habitats and 
animals. The agent can be Insoluble to very solu- 
ble in the temperature sensitive material housed in 
the dispenser. 
In the specification and the accompanying 

120 claims, the term drug includes any physiologically 
or pharmacologically active substance that pro- 
duces a local or systemic effect in animals. Includ- 
ing warm blooded mammals, humans and 
primates, avians, pisces, household, sport and 

125 farm animals, laboratory animals, and zoo animals. 
The term physiological as used herein denotes the 
administration of a drug to produce normal levels 
and functions. The term pharmacological denotes 
variations In response to amounts of drug admlnis- 

130 tered to the host. Stedman's Medical Dictionary, 
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1966, published by Williams and Wllkins, Balti- 
more, MD. The active drug that can be delivered 
includes inorganic and organic drugs,, drugs that 
are solid, drugs that are an oil, without limitations, 
5 those drugs that act on the nervous system, de- 
pressants, hypnotics, sedatives, psychic energizers, 
tranquilizers, anticonvulsants, muscle relaxants, 
antiparkinson agents, analgesics, anti-inflamma- 
tory, anti-malarials, hormonal agents, contracep- 

10 ttves, sympathomimetics, diuretics, anti-parasitics, 
neoplastics, hypoglycemics, opthalmics, electro- 
lytes, diagnostics, and cardiovascular drugs. The 
amount of agent present in the dispenser can be 
from 0.05 ng to 20 g or more. For medical applica- 

15 tions, the dispenser can contain various amounts, 
for example 25 ng, 1 mg, 5 mg, 125 mg, 250 mg, 
500 mg, 750 mg, 1.5g, and the like. The dispenser 
can be used once, twice, or thrice daily; the dis- 
penser can be used twice a week, and the like. 

20 The semipermeable wall forming composition 
can be applied to the exterior surface of the cap- 
sule in laminar arrangement by molding, forming, 
air spraying, dipping or brushing with a semi- 
permeable wall forming composition. Other and 

25 presently preferred techniques that can be used for 
applying the semipermeable wall are the air sus- 
pension procedure and the pan coating proce- 
dures. The air suspension procedure consists in 
suspending and tumbling the capsule arrangement 

30 in a current of air and a semipermeable wall form- 
ing composition until the wall surrounds and coats 
the capsule member. The procedure can be re- 
peated with a different semipermeable wall form- 
ing composition to form a semipermeable 

35 laminated wall. The air suspension procedure is 
described in U. S. Patent No. 2,799,241; J. Am. 
Pharm. Assoc., Vol. 48, pages 451 to 459, 1979; 
and ibid, Vol. 49, pages 82 to 84, 1960. Other 
standard manufacturing procedures are described 

40 in Modem Plastics Encyclopedia, Vol.46, pages 62 
to 70, 1969; and in Pharmaceutical Sciences, by 
Remington, 14th Edition, pages 1626 to 1678, 1970, 
published by Mack Publishing Co., Easton, PA. 
Exemplary solvents suitable for manufacturing 

45 the semipermeable wall include inert inorganic and 
organic solvents that do not adversely harm the 
materials, the capsule wall, the beneficial agent, 
the thermo-responsive composition, the expanda- 
ble member, and the final dispenser. The solvents 

50 broadly include members selected from the group 
consisting of aqueous solvents, alcohols, ketones, 
esters, ethers, aliphatic hydrocarbons, halogenated 
solvents, cycloaliphatics, aromatics, heterocyclic 
solvents and mixtures thereof. Typical solvents in- 

55 elude acetone, diacetone alcohol, methanol, 
ethanol, isopropyl alcohol, butyl alcohol, methyl 
acetate, ethyl acetate, isopropyl acetate, n-butyl 
acetate, methyl isobutyl ketone, methyl propyl ke- 
tone, n-hexane, n-heptane, ethylene glycol monoe- 

60 thyl ether, ethylene glycol monoethyi acetate, 
methylene dichloride, ethylene dichloride, propyl- 
ene dichloride, carbon tetrachloride, nitroethane, 
nitropropane, tetrachloroethane, ethyl ether, iso- 
propyl ether, cyclohexane, cyclooctane, benzene, 

65 toluene, naphtha, 1,4-dioxane, tetrahydrofuran. 



diglyme, water, and mixtures thereof such as ace- 
tone and water, acetone and methanol, acetone 
and ethyl alcohol, methylene dichloride and meth- 
anol, and ethylene dichloride and methanol. Gen- 

70 erally, for the present purpose the semipermeable 
wall is applied at a temperature a few degrees less 
than the melting point of the thermo-responsive 
composition. Or, the thermoplastic composition 
can be loaded into the dispenser after applying the 

75 semipermeable wall. 

The expression orifice or passageway as used 
herein comprises means and methods in the wall 
suitable for releasing a beneficial agent formula- 
tion from the dispenser. The orifice can be formed 

80 by mechanical or laser drilling, or by eroding an 
erodible element in the wall, such as a gelatin 
plug. The orifice can be a polymer inserted into the 
semipermeable wall, which polymer is a porous 
polymer and has at least one pore, or which poly- 

85 mer is a microporous polymer and has at least one 
micropore. A detailed description of orifices and 
the preferred maxium and minimum dimensions 
for an orifice are disclosed in United States Patents 
Nos. 3,845,770 and 3,916,899. 

90 

Description of examples of the invention 

The following examples are merely illustrative of 
the present invention and they should not be con- 
strued as limiting the scope of the invention in any 
95 way, as these examples and other equivalents 

thereof will become more apparent to those skilled 
in the art in the light of the present disclosure, the 
drawings and the accompanying claims. 

100 Example 1 

A dispenser is prepared as follows: First, the 
body section of a two piece capsule is positioned 
with its mouth in an upright position and the hemi- 
spherical end of the capsule charged with a layer 

105 of an expandable- swellable composition. The 
composition comprises 30% by weight of sodium 
chloride and 70% by weight of poly(ethylene oxide) 
having a molecular weight of 3,000,000. The ex- 
pandable forming ingredients are blended in a 

110 commercial blender with heat for 20 minutes to 
yield a homogenous composition. The heated 
composition is charged into the hemispherical end 
of the capsule forming a layer that occupies about 
1/4 of the capsule. Next, the body section of the 

115 capsule is capped with the cap section of the cap- 
sule and a filling port is drilled through the cap for 
communicating with the lumen of the assembled 
capsule. Then, a heat sensitive drug formulation is 
passed through the filling port Into the lumen of 

120 the capsule filling the lumen. Finally, a semiperme- 
able wall is applied around the assembled capsule 
and an exit passageway drilled through the semi- 
permeable wall communicating with the filling port 
for dispensing drug formulation from the dis- 

125 penser. 

Example 2 

A dispenser is prepared as follows: First, the 
body section of a two piece capsule is positioned 
130 with its opened mouth in an upright position and 
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the curved hemispherical end of the capsule is 
filled with a 500 mg layer of Cyanamer® polyacry- 
lamide, a hydrogel of approximately 200,000 mol. 
wt. Next, the body section of the capsule is capped 

5 with the cap section of the capsule. Then, a semi- 
permeable wall is formed around the assembled 
capsule. The semipermeable wall is formed by 
blending 85 g of cellulose acetate having an acetyl 
content of 39.8% with 200 ml of methylene chlo- 

10 ride and 200 mi of methanol, and spray coating the 
assembled capsule in an air suspension machine 
until a 0.25 mm thick semipermeable wall sur- 
rounds the capsule. The capsule is dried, and a 1.0 
mm passageway is laser drilled through the semi- 

15 permeable wall and the capsule wail communicat- 
ing with the lumen of the capsule. Next, a heat 
sensitive enteric mixture of 77% neutral fat having 
a metling point of 35-37X and 19.5% paraffin hav- 
ing a melting point of 52°C, is heated and liquified, 

20 and 3.5% acetylsalicylic acid added thereto. Then, 
the heated mixture is cooled to about 40°C, in- 
jected through the passageway into the lumen of 
the capsule, and the dispenser cooled to room 
temperature. 

25 

Example 3 

A dispenser for delivering a beneficial agent to a 
warm-blooded animal is prepared as follows: A 
mold having a shape and a configuration corre- 

30 spending to the mouth and internal diameter of 
the body portion of a capsule, is filled with an ex- 
pandable forming composition comprising 30 parts 
of ethylene-glycol monomethacrylate containing 
0.12 parts of ethyleneglycol dimethacrylate and 10 

35 parts of a 0.13% aqueous solution of sodiudisulfate 
in aqueous ethanol. The composition polymerizes 
at 30°C, and after 20 minutes following equilibrium 
to room temperature, the solid layer is removed 
from the mold. The solid expandable layer than is 

40 placed into the mouth of the capsule, thereby 
forming an internal drug compartment in the space 
between the curved hemispherical end of the cap- 
sule and the inner surface of the layer of the ex- 
pandable polymer. Next, a filling-exit port Is drilled 

45 through the hemispherical end connecting the ex- 
terior of the capsule with the interior compartment. 
The compartment can be filled with a heat-sensi- 
tive drug formulation at this time, or optionally it 
can be filled at a later time. 

50 For example, the compartment can be filled with 
a molten composition comprising 2.5% phenobar- 
bital, 20.5% glycergelatin and 77% of theobroma 
oil, a glyceride of stearic, palmitic and lauric acids, 
to form on cooling to room temperature and 

55 thermo-responsive composition in laminare posi- 
tion with the expandable lamina. Next, the body of 
the capsule is closed with the capsule cap by slid- 
ing the cap over the mouth of the capsule. 
Then, a solution of cellulose acetate, 15 wt %, 

60 with an acetyl content of 39.8%, is prepared and 
the fully assembled capsule coated with a semi- 
permeable wall by dipping it into the solution for 
15 times, first for a 10 second dip, then for 1 min- 
ute per dip, with an intervening 5 minutes drying 

65 period. Following the dipping the dispensers are 



dried at room temperature of 72°F, about 22°C, for 
10 days. This procedure applies about a 2 mm 
semipermeable wall. A passageway is laser drilled 
through the semipermeable wall connecting the 
70 exterior of the dispenser with the filling-exit port 
and with the thermo-responsive lamina. 

Example 4 

A dispenser for delivering a beneficial agent for- 

75 mulation is manufactured as follows: First, the 

hemispherical end of a gelatin capsule is filled with 
3.25 g of a molten composition consisting essen- 
tially of 30% sodium chloride and 70% polyethyl- 
ene oxide coagulant grade. Next, the cap of the 

80 capsule is dipped in water to a couple of millime- 
ters and then the cap is slipped over the mouth 
end to cover the open body section of the capsule. 
The water causes the cap and body members of 
the capsule to bond in a firm relationship. Next, a 

85 50 mil, 1.3 mm, exit port is drilled through the cap 
end of the assembled gelatin capsule. Then, 9.9 g 
of a thermo-sensitive drug formulation consisting 
of a 15% suspension of theophylline with 8% Ca- 
bosil;; anhydrous in polyethylene glycol 400 dis- 

90 tearate is charged through the drug port into the 
drug chamber of the capsule at 50°C forming a 
lamina in initimate contact with the expandable 
plug at the hemispherical end of the capsule. The 
thermo-responsitive drug formulation additionally 

95 contacts the inside gelatin capsule wall. Next, the 
assembled dosage form capsule is coated with a 
surrounding wall of cellulose acetate butyrate con- 
taining 10% polyethylene glycol 400. The semi- 
permeable wall is applied to a pan Hi-coater. The 

100 solvent used for forming the wall consists essen- 
tially of methylene chloride methanol solvent con- 
sisting of 95 parts by weight to 5 parts by weight 
respectively. A 12 mil, 0.03 mm, thick wall of the 
cellulose acetate butyrate is applied to the exterior 

105 surface of the capsule. Figure 10 shows the release 
rate in mgc per hour at 37°C. 
An embodiment of the invention pertains to a 
method for administering a beneficial drug at a 
controlled rate to the vaginal passageway or to the 

110 ano-rectal passageway of a warm-blooded animal, 
which method comprises the steps of: (A) adnnit- 
ting into the passageway a dispenser comprising: 
(1) an outer wall formed of a semipermeable poly- 
meric composition permeable to the passage of 

115 fluid and substantially impermeable to the passage 
of drug; the wall surround (2) a capsule containing 
a layer of a beneficial drug formulation in the com- 
partment comprising a dosage unit amount of drug 
for performing a therapeutic program in a heat- 

120 sensitive carrier that melts at body temperature 
and is a means for transporting the drug from the 
dispenser; (3) a layer of an expandable hydrogel in 
the capsule, said layer in contacting arrangement 
with the drug formulation heat sensitive composi- 

125 tion; and, (4) an orifice through the outer wall and 
the capsule wall communicating with the drug for- 
mulation heat-sensitive composition; (b) imbibing 
fluid through the semipermeable wall at a rate de- 
termined by the permeability of the semipermeable 

130 wall and the osmotic pressure gradent across the 
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semipermeable wall causing the layer of hydrogel 
to expand and swell; (c) melting the drug formula- 
tion to form a flowable formulation; and (D) deliv- 
ering the beneficial drug formulation from the 
5 compartment by the layer continually expanding 
against the metled formulation causing the formu- 
lation to be dispensed in a therapeutically effective 
amount through the orifice at a controlled rate to 
the passageway to produce the desired medical ef- 

10 feet over a prolonged period of 1 hour to months, 
preferrably 1 hour to 24 hours. Exemplary of a 
drug that can be dispensed using the dispenser is 
conjugated estrogen dispensed in the formulation 
comprising 0.875 mg of conjugated estrogens in a 

15 heat sensitive base. 

Inasmuch as the foregoing specification com- 
prises preferred embodiments of the invention, it is 
understood that variations and modifications may 
be made herein in accordance with the inventive 

20 principles disclosed, without departing from the 
scope of the invention. 

CLAIMS 

25 1. A dispenser for delivering at a controlled rate 
a heat sensitive beneficial agent formulation to an 
environment of use, the dispenser comprising: 

(a) a capsule having an internal lumen; 

(b) a heat sensitive beneficial agent formulation 
30 that is in a solid form up to 32°C and melts at a 

temperature above 32°C in the lumen of the cap- 
sule; 

(c) a hydrophilic composition that is a means 
for absorbing fluid and swelling in the lumen, said 

35 hydrophilic composition in contacting arrangement 
with the heat sensitive agent; 

(d) a wall surrounding the capsule, the wall 
formed in at least a part of a semipermeable com- 
position that is permeable to the passage of fluid 

40 and substantially impermeable to the passage of 
beneficial agent; and, 

(e) a passageway through the wall communi- 
cating with the heat sensitive beneficial agent for 
delivering the agent from the dispenser over time. 

45 2. A dispenser according to claim 1, wherein 
the capsule comprises a body and a matching cap 
telescopically joined to define the lumen. 

3. A dispenser as claimed in claim 1 or claim 2 
wherein the capsule is a one-piece capsule having 

50 an internal compartment. 

4. A dispenser as claimed in any preceding 
claim, wherein the hydrophilic ocmposition com- 
prises a hydrogel and an osmoticaily effective sol- 
ute. 

55 5. A dispenser as claimed in any one of claims 
1 to 3, wherein the hydrophilic composition com- 
prises polyethylene oxide, polyacrylic acid and its 
salts, polyethylene glycol and, optionally, an os- 
moticaily effective solute. 

60 6. A dispenser as claimed in any preceding 
claim wherein the semipermeable wall composi- 
tion is sleeted from cellulose ester, cellulose dies- 
ter, cellulose ether, cellulose ester ether, cellulose 
acylate, cellulose diacylate, cellulose triacylate, cel- 

65 lulose acetate, cellulose diacetate, cellulose triace- 



tate and cellulose acetate butyrate. 

7. A dispenser as claimed in any preceding 
claim wherein the heat sensitive composition com- 
prises a member selected from a glycerol ester of 

70 a saturated fatty acid, polyethylene glycol, a block 
polymer of butylene oxide and ethylene oxide, a 
block polymer of propylene oxide and ethylene ox- 
ide and a block polymer of polyoxyalkylene and 
propylene glycol. 

75 8. A dispenser as claimed in any preceding 
claim wherein the lumen houses a layer of heat 
sensitive beneficial agent formulation, 

9. A dispenser as claimed in any preceding 
claim wherein the lumen houses a layer of the hy- 

80 drophilic composition. 

10. A dispenser as claimed in any preceding 
claim wherein the capsule is a gelatin capsule. 

11. A dispenser as claimed in claim 1 and sub- 
stantially as described:- 

85 (a) in any one of the specific examples herein 
set forth and/or 

(b)with reference to and/or as illustrated in the 
accompanying drawings. 

12. Each and every novel embodiment herein 
90 set forth either separately or in any combination. 
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